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The  importance  of livestock-associated  methicillin-resistant  Staphylococcus  aureus  (LA-
MRSA) as an infectious  agent  for humans  has  increased  in recent  years  in Germany.  Although
it  is  well  known  that  the  prevalence  of  MRSA  in pig  farms  is high,  risk factors  for  the  pres-
ence  of MRSA  in  herds  of fattening  pigs  are  still poorly  understood.  The  aim  of this  study
was  to evaluate  available  data  from  previous  studies  on  MRSA  in  fattening  pigs  in a  meta-
analysis  to  answer  the  question:  What  are  the factors  associated  with  the  occurrence  of
MRSA in  fattening  pig  herds?
The  studies  on MRSA  in  pigs  that  were  identiﬁed  by  literature  research  were  hetero-
geneous  with  respect  to the risk  factors  investigated  and  the  type  of  herds  focused  on.
Therefore  we  decided  to  carry  out  a  pooling  analysis  on herd  level  rather  than  a  typical
meta-analysis.  Eligible  herd  data  were  identiﬁed  based  on  the published  literature  and
communication  with  the  authors.  The ﬁnal  data  set  covered  400  fattening  pig  herds  from
10 different  studies  and 12  risk  factors.  The  prevalence  of MRSA  in  the  400  fattening  pig
herds  was 53.5%.
Data  were  analyzed  using  generalized  estimating  equations  (GEE).  The  resulting  multi-
variate  model  conﬁrmed  previously  identiﬁed  risk  factors  for MRSA  in pig  herds  (herd  size
and herd  type).  It  also  identiﬁed  further  risk factors:  group  treatment  of fattening  pigs  with
antimicrobial  drugs  (OR  =  1.79)  and  housing  fattening  pig  herds  on at least  partially  slatted
ﬂoors (OR  =  2.39)  compared  to plain  ﬂoor.  In  contrast,  according  to the model,  fattening  pig
herds on farms  keeping  other  livestock  along  with  pigs  were  less  likely  to harbor  MRSA
(OR  =  0.54).
The  results  underline  the  beneﬁts  from  a pooling  analysis  and  cooperative  re-evaluation
of  published  data.
©  2014  The  Authors.  Published  by  Elsevier  B.V.  This  is an  open  access  article  under  the  CCBY-NC-N
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1. Introduction
The importance of livestock-associated methicillin-
resistant Staphylococcus aureus (LA-MRSA) as an infectious
agent for humans has increased in recent years in Germany
(Cuny et al., 2013; Köck et al., 2013b) although the
zoonotic pathogen mostly occurs as a colonizer of skin and
ss article under the CC BY-NC-ND license (http://creativecommons.org/
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ucosa without clinical symptoms in humans. Farmers
nd veterinarians in contact with livestock are the main
isk groups for colonization with LA-MRSA (Denis et al.,
009; Graveland et al., 2011; Witte et al., 2007). In 2011,
9% of all newly isolated MRSA from patients in hospitals
n the Netherlands were of the livestock-associated type
Hetem et al., 2013). Also in the German province North
hine-Westphalia located next to the Netherlands, from
008 to 2011 a trend toward an increasing proportion of
A-MRSA in screening specimens in hospitals and by prac-
itioners from 14% to 28% was found (Köck et al., 2013b).
cross Germany, the proportion of LA-MRSA increased
rom 0.3% in the period of 2004–2005 to 5.4% (2010–2011),
ith signiﬁcantly higher proportions in Lower Saxony and
orth Rhine-Westphalia (Schaumburg et al., 2012). By
xchanging genetic material with more virulent bacteria
A-MRSA could become a serious health risk (Cuny et al.,
013).
LA-MRSA were ﬁrst identiﬁed in swine herds and
umans around 2004 in Europe (Meemken et al., 2010;
oss et al., 2005). They have meanwhile been observed in
nimal production in many parts of the world, with very
eterogeneous prevalence. In Europe, in a survey using
tandardized sampling and testing methods the prevalence
er country in holdings with breeding pigs ranged from 0%
o 51.2% in 2008 (EFSA, 2009). Farm level studies showed
 MRSA-prevalence of 52% of German fattening pig farms
Alt et al., 2011) and of 56% in pig holding companies in the
etherlands (Broens et al., 2011b).
Known risk factors for MRSA in pig farms are herd size,
roduction type and purchase of pigs (Alt et al., 2011;
roens et al., 2011a,b; Crombe et al., 2012; EFSA, 2010).
ntroduction of MRSA in a herd could also be possible via
RSA colonized staff or other vectors such as rodents, ﬂies
r exhaust air from neighboring herds (Friese et al., 2012;
raham et al., 2009; Pletinckx et al., 2011; Schulz et al.,
012; van de Giessen et al., 2009; Van den Broek et al.,
009).
Within a herd, MRSA is spread predominantly by direct
ontact between animals. Dust and contaminated surfaces
ay  serve as reservoirs for MRSA. Once present in the
erd, MRSA have a selective advantage and may  spread
nd persist if group treatments with antimicrobial drugs
re carried out (Broens et al., 2011b; van Duijkeren et al.,
008). Some studies showed the highest MRSA prevalence
n growing pigs. After the growing period the prevalence
f MRSA in fattening pigs decreases with age (Broens et al.,
011a, 2012; Crombe et al., 2012; Dewaele et al., 2011;
mith et al., 2009; Weese et al., 2011).
Factors associated with MRSA contamination of piglet
roduction holdings have been extensively studied in the
FSA baseline study (EFSA, 2010). Risk factors for herds of
attening pigs have less intensively been studied so far, and
he results of the studies dealing with them are largely het-
rogeneous with respect to the risk factors investigated and
he sampling and testing methodologies. Most of the stud-
es are based on small numbers of herds. MRSA in fattening
igs can lead to introduction of MRSA in the food chain
nd the number of fattening pigs and fattening pig herds
n a country is commonly much higher than the number of
reeding pig units.Medicine 117 (2014) 180–188 181
Only if the risk factors for MRSA are known we will
be able to implement measures to successfully reduce the
occurrence of MRSA in the farms. Our aim was  to evaluate
available data from previous studies in a meta-analysis, in
order to increase statistical power. To establish a relation-
ship between potential risk factors of the various studies,
a pooling analysis was performed. The question for the
analysis was: What are the factors associated with the
occurrence of MRSA in fattening pig herds?
2. Methods
2.1. Study identiﬁcation and data collection
To identify studies on MRSA in pigs and potential
associated risk factors (in the following referred to as
‘risk factors’ or simply ‘factors’) a literature research was
performed in the online databases PUBMED, WEB  OF
SCIENCE and SCOPUS on February 20, 2013. The search
terms “pig/sow/swine” were combined with “methi-
cillin/meticillin/MRSA”. Only German and English language
full text articles were considered. Exactly 600 scientiﬁc
publications matched the search terms. After manually
screening the studies for content, we identiﬁed 21 studies
that had determined the prevalence of MRSA and exam-
ined various risk factors for MRSA in pigs. Additionally, four
dissertations were found searching the online databases
PROQUEST and DIMDI. Although all 25 studies dealt with
MRSA prevalence in pigs, the speciﬁc research questions
varied. They investigated a variable set of risk factors for
MRSA and categorized these factors differently. Moreover,
several studies included other types of pig herds, besides
fattening pigs.
For this reason, it was  necessary to analyze data on herd
level instead of study level. The risk factors analyzed in the
individual studies were compiled, regardless whether their
role as a risk factor had been conﬁrmed in the respective
study. Based on this compilation, an EXCEL spreadsheet
was developed for collecting data on herd level from the
individual studies.
2.2. Interaction with authors
The authors of the studies were contacted via email and
supplied with the EXCEL spreadsheet and instructions for
completion. They were requested to either complete the
sheet or to send the appropriate information in their own
data format. Subsequently, an intensive process of commu-
nication with the authors or contact persons took place,
to avoid misinterpretation when using their data. In the
next step, the data provided by the authors were matched
against strict inclusion criteria. Only data were accepted
that concerned fattening pig herds and included informa-
tion on the MRSA status of herds (positive or negative), as
well as a substantial number of risk factors.
As a result of this procedure, 16 studies dropped out
from the analysis, for at least one of the following reasons:
– raw data were no longer available for a study;
– raw data did no longer refer to speciﬁc herds;
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– the data on risk factors on herd level was insufﬁcient;
– only herd types other than fattening pigs were analyzed;
and
– the authors did not respond, even after repeated request.
On the other hand, data from one additional, previously
unpublished study and some additional data on herds from
published studies were obtained and included in the anal-
ysis. Table 1 shows the number of analyzed herds per study
and the sampling methods used for detecting MRSA. One
herd per farm was included.
2.3. Analysis
2.3.1. Deﬁnition of outcome variable
For this analysis, a herd was considered as MRSA pos-
itive, if at least one of the used MRSA-sampling methods
yielded a positive result for at least one sample. Herds were
considered as MRSA negative if no MRSA were detected in
any of the samples taken. The MRSA status of herds was
taken as the binary dependent variable.
2.3.2. Selection of risk factors
From the set of risk factors that had originally been
analyzed in the ten studies, 12 factors were selected for
the meta-analysis based on their availability for the herds
of the different studies: herd size (HERD SIZE), herd type
(HERD TYPE), purchase pigs from other origin (PURCHASE),
group treatment with antimicrobial drugs in the fattening
period prior to sampling (AM DRUG), animal ﬂow sys-
tem all in/all out (ALL IN/OUT), regular clean up (CLEAN
UP), regular disinfection (DISINFECTION), at least partially
slatted ﬂoor compared to plain ﬂoor (SLATTED), organic
farm (ORGANIC), indoor housing without outdoor access
(INDOOR), other livestock herds than pigs on the farm
(OTHER LIVESTOCK) and companion animals on the farm
(COMPANION). Factors were included if the respective
information was available for more than 80% of the 400
herds that had ﬁnally been selected. Table 2 shows the cat-
egorization of the 12 risk factors in the original study and
our re-categorization for the analysis.2.3.3. Model building
Logistic regression was used to investigate the effect
of the12 factors on the MRSA status of herds of fattening
Table 1
Number of analyzed herds per study and their sampling methods for detecting M
Study Analyzed herds (n) Sampling method
Nasal swabs (n) Du
van Duijkeren et al. (2008) 14 10
Frick (2010) 29 10
Alt et al. (2011) 291 5 (
Brockers (2011) 12 12 5 (
Fischer (2011) 4 12 5 (
Heine (2011) 19 10–60 (a 5 pooled) 
Friese et al. (2012) 8 12 5 (
Schulz et al., 2012 7 12 
Köck et al. (2013a) 10 
Merialdi et al. (2013) 6 
Overall 400
n = number of.Medicine 117 (2014) 180–188
pigs. Since our data originated from different studies, it
was  reasonable to assume that data from the same study
is more similar than data across studies. To account for
this fact, generalized estimating equations (GEE) were used
as regression technique with an exchangeable working
correlation structure and p-values based on model-based
variance estimates. GEEs extend ordinary logistic regres-
sion in a way  that allows modeling correlated data. To
enable the joint evaluation of the risk factors across the
400 data sets, in a preliminary step, missing values were
imputed using a simple hot deck procedure. Subsequently,
the effect of single factors on the MRSA status of herds
was  analyzed by carrying out univariate regression anal-
yses. Factors that were not signiﬁcantly associated with
the outcome in these analyses (at a signiﬁcance level of
0.05) were excluded from further analysis. The factors that
remained were used as candidates for inclusion in a multi-
variate regression model. To avoid multicollinearity in this
model, the correlation matrix for the candidate factors was
analyzed. Pairs of factors with a strong correlation (matrix
values ≥0.5) were considered as being potentially redun-
dant. For each such pair, an expert judgment was  rendered,
deciding whether one of the factors should be dropped.
The remaining factors were entered in the multivariate
model. In an additional step, the potential effects of second-
order interaction terms on the MRSA status of herds were
explored. For this purpose, all second-order interaction
terms (i.e., interaction terms involving two risk factors)
were created and added individually, one by one, to the
multivariate regression model. Those terms that showed a
signiﬁcant effect were then considered for ﬁnal inclusion
in the model.
The statistical analyses were carried out using the sta-
tistical software programs PASW Statistics (Version 18.02,
IBM Deutschland, Ehningen, Germany) and R, version 3.0.1.
GEEs in R were computed using the gee package, version
4.13-18.
3. Results3.1. Study identiﬁcation and data collection
Data on herd-level was retrieved from ten different
studies (Alt et al., 2011; Brockers, 2011; Fischer, 2011;
RSA.
st (n) Boot swabs (n) Air samples (n) Manure samples (n)
pooled)
pooled) 1
pooled) 1
5
pooled) 1 6
1–3 1–2 6
12 12
10
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Table  2
Factors inclosed in meta-analysis: their categorization in the original study and resulting categories for the meta-analysis.
Factors: in the
original study
Herd size (n) Age
(weeks)
Herd type
ff/wf/gf
Purchase pigs from
other origin (n)
Other livestock herds
than pigs
Companion
animals
Indoor housing
van Duijkeren
et al. (2008)
n.a. 10–26 ff, ﬁnishing
unspeciﬁed
Y/N n.a. n.a. n.a.
Frick (2010) Exact number 10–26 ff, gf Y/N No, cattle, horse,
poultry
Contact with
dog, cat
Y/N
Alt et al. (2011) Categories: <100,
100–499, 500–999,
1000–4999, ≥5000
10–25 ff, wf,  gf 0, 1–2, ≥3 or
retailer
Cattle, horse, sheep,
goat
Dog, cat Indoor, indoor
with outdoor
access, pure
outdoor
Brockers
(2011)
Exact number 26 ff, gf 0, 1, 2, >2 Cattle, poultry, sheep,
goat
Dog, cat, horse,
rabbit
Y/N
Fischer (2011) Exact number 26 ff, gf 0, 1, 2, >2 Cattle, poultry, sheep,
goat
Dog, cat, horse,
rabbit
Y/N
Heine (2011) Exact number 10–25 ff, gf Exact number of
origins
No, cattle, poultry,
several
Y/N Y/N
Friese et al.
(2012)
Exact number 10–25 ff, gf 0, 1, 2, >2 No, cattle, broiler,
turkey, other
Y/N Y/N
Schulz et al.,
2012
Exact number 10–25 gf 0, 1, 2, >2 No, cattle, broiler,
turkey, other
Y/N Y/N
Köck et al.
(2013a,b)
Exact number 10–26 ff, gf Y/N No, cattle, broiler,
turkey, other
n.a. n.a.
Merialdi et al.
(2013)
Sows
(n) → calculated
17 ff 0, 1, 2, >2 Y/N Y/N Y/N
Factors in
meta-analysis
HERD SIZE HERD TYPE PURCHASE OTHER LIVESTOCK COMPANION INDOOR
<500,  500–999,
1000–4999, >5000
ff, wf,  gf Y/N Y/N Y/N Y/N
Factors in the
original study
(cont.)
Organic farm All in/all out Clean up Disinfection Slatted ﬂoor Group treatment with AM
DRUGs, fattening period
van Duijkeren et al.
(2008)
Conventional only n.a. n.a. n.a. n.a. AM DRUGs, age
Frick (2010) Conventional or
organic
Continuous, all
in/all out
Y/N Y/N Totally, partially,
straw
Against which disease, AM
DRUGs, duration
Alt et al. (2011) Conventional or
organic
Y, Y+ clean up, Y+
disinfection
See all in/all
out
See all in/all out Totally, partially,
concrete with
bedding
In the last 4 month: Y/N,
Date last administration,
duration, AM DRUGs
Brockers (2011) Conventional only Per whole barn,
compartment,
stock or continuous
No, regularly,
occasionally
No, regularly,
occasionally
Totally, partially,
concrete with
bedding
Regular group treatments:
Y/N, AM DRUGs, duration
Fischer (2011) Conventional only Per whole barn,
compartment,
stock or continuous
No, regularly,
occasionally
No, regularly,
occasionally
Totally, partially,
concrete with
bedding
Regular group treatments:
Y/N, AM DRUGs, duration
Heine (2011) Organic farms only Per whole barn,
compartment or
continuous
No, regularly,
occasionally
No, regularly,
occasionally
Straw bedding
mandated
Individual treatment: Y/N,
group treatment not
allowed
Friese et al. (2012) Conventional only Per whole barn,
compartment or
continuous
Y/N Y/N Totally, partially,
concrete with
bedding
AM DRUGs, age, duration
Schulz et al., 2012 Conventional only Per whole barn,
compartment or
continuous
Y/N Y/N Totally, partially,
concrete with
bedding
AM DRUGs
Köck et al. (2013a) Conventional only Per whole barn,
compartment or
continuous
Y/N Y/N Totally, partially,
concrete with
bedding
n.a.
Merialdi et al.
(2013)
Conventional only All in/all out,
continuous
Y/N Y/N Totally, partially,
concrete with
bedding
AM DRUGs, age, duration
 UP Y/N 
n an-to-ﬁ
F
2
D
wFactors in
meta-alalysis
(cont.)
ORGANIC Y/N ALL IN/OUT Y/N CLEAN
.a., not available; Y, yes; N, no; n, number of; ff, farrow-to-ﬁnish; wf,  werick, 2010; Friese et al., 2012; Heine, 2011; Köck et al.,
013a; Merialdi et al., 2013; Schulz et al., 2012; van
uijkeren et al., 2008). During intensive communication
ith the authors additional data were made available byDISINFECTION
Y/N
SLATTED Y/N AM DRUG Y/N
nish; gf, grow-to-ﬁnish; AM DRUG, antimicrobial drug.the authors of these studies. Overall, data on 400 fattening
pig herds were obtained. Sampling dates ranged from 2006
to 2013. Most of the data originated from cross-sectional
studies, focusing on pigs of ages from 10 to 26 weeks
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Table  3
Risk factors analyzed in the meta-analysis, their categorization, herds
observed per category and proportion of MRSA-positive herds per
category.
Risk factor Categories Number of
herds
MRSA-positive
herds in %
HERD SIZE 0–499 110 29.1
500–999 112 58.9
1000–4999 140 68.6
≥5000 21 71.4
HERD TYPE Farrow-to-ﬁnish 107 40.2
Wean-to-ﬁnish 38 63.2
Grow-to-ﬁnish 242 59.1
PURCHASE No 107 43.9
Yes 279 59.5
AM DRUG No 180 38.9
Yes 199 65.8
ALL IN/OUT No 121 38.0
Yes 260 61.9
CLEAN UP No 99 39.4
Yes 281 59.8
DISINFECTION No 129 39.5
Yes 251 62.2
SLATTED No 42 19.1
Yes 331 58.0
ORGANIC No 373 55.2
Yes 23 21.7
INDOOR No 18 27.8
Yes 354 56.2
OTHER LIVESTOCK No 281 58.7
Yes 103 42.7
COMPANION No 154 52.6
Yes 217 55.3
(Table 2). However, data on 23 herds originated from lon-
gitudinal studies, i.e., studies in which the same herds were
tested repeatedly at different ages. In these cases, the data
collected at the oldest tested age were selected (ages of 17
and 26 weeks, Table 2).
3.2. Descriptive analysis of prevalence of MRSA
A descriptive analysis of the 400 fattening pig herds
revealed that 214 (53.5%) were MRSA positive. MRSA
prevalence differed between the herds with respect to
the different categories of the 12 considered risk fac-
tors.
Table 3 shows the 12 risk factors, the derived categories,
the number of herds per category and the percentage of
MRSA positive herds amongst them.
3.3. Model building
Ten of the 12 tested risk factors were signiﬁcantly
associated with the MRSA status of herds in univariate
logistic regression analyses, using generalized estimat-
ing equations (GEE) (Table 4). COMPANION and INDOOR
were the only two factors which were not signiﬁ-
cantly associated and therefore excluded from multivariate
modeling.
Strong correlations were observed between the fac-
tors HERD TYPE and PURCHASE, furthermore between
ALL IN/OUT, CLEAN UP and DISINFECTION (pairwise), and
between SLATTED and ORGANIC. Based on expert judg-
ment, HERD TYPE, ALL IN/OUT, SLATTED and ORGANICMedicine 117 (2014) 180–188
were considered as the more relevant factors that should
be kept for multivariate modeling. As a result the factors
PURCHASE, CLEAN UP and DISINFECTION were excluded
from further analyses, in order to reduce redundancy.
Adding individual second-order interaction terms to the
multivariate model, a signiﬁcant effect was only observed
for the term HERD TYPE*OTHER LIVESTOCK. However,
since for the analysis of nearly one third of all second-
order interaction terms the available data was  too sparse,
we decided not to include interaction terms in the model
at all.
The ﬁnal multivariate logistic regression model was
established based on data from 400 fattening pig herds. It
covered seven risk factors for MRSA in fattening pigs. These
factors had been signiﬁcantly associated with the MRSA
status of herds in the univariate analysis and were mostly
not strongly correlated with each other.
3.4. Risk factors associated with occurrence of MRSA
Our multivariate model suggests that ﬁve of the factors
involved inﬂuence the risk for MRSA in fattening pig herds
(Table 4).
According to this model, the risk for MRSA increases
with the HERD SIZE in a farm. More precisely, it suggests
that herds with 500–999 fattening pigs are more likely
to harbor MRSA than herds with less than 500 fattening
pigs. The same applies to herds with 1000–4999 fatten-
ing pigs. However, no signiﬁcant effect could be shown for
herds with more than 5000 animals. Furthermore, wean-
to-ﬁnish herds and grow-to-ﬁnish herds have a greater
risk for occurrence of MRSA compared to farrow-to-ﬁnish
herds. HERD TYPE wean-to-ﬁnish has the greatest risk. The
model associated also herds with groupwise antimicrobial
treatment during the fattening period (AM DRUG) with a
higher likelihood of a MRSA detection in the herd com-
pared to herds without such group treatments. Herds kept
on at least partly SLATTED ﬂoor are associated with MRSA
compared to herds that were kept on plain ﬂoor.
Herds on farms that also housed OTHER LIVESTOCK than
pigs on the farm were less likely found positive for MRSA
compared to pure pig production farms.
The factors ALL IN/OUT and ORGANIC were not signiﬁ-
cantly associated with the likelihood of MRSA detection.
4. Discussion
The goal of the present work was to analyze risk fac-
tors for MRSA in fattening pigs across existing studies. We
aimed to increase the statistical power of the analysis by
increasing the number of analyzed herds, compared to the
individual studies.
This study conﬁrms previously known risk factors for
MRSA in fattening pigs, such as HERD SIZE and HERD
TYPE. Furthermore, it reveals a strong correlation between
HERD TYPE and PURCHASE. PURCHASE is another known
risk factor for MRSA in fattening pigs but was  removed
from analysis on account of its strong correlation with
HERD TYPE (Broens et al., 2011b; Espinosa-Gongora et al.,
2012).
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Table  4
Results of univariate and multivariate logistic regression analyses using GEEs.
Factor Category Univariate Multivariate
p OR 95% CI p OR 95% CI
HERD SIZE 0–499 Ref Ref
500–999 0.000 3.59 (2.08, 6.21) 0.005 2.35 (1.30, 4.26)
1000–4999 0.000 4.95 (2.91, 8.41) 0.002 2.63 (1.43, 4.85)
≥5000 0.001 5.41 (2.03, 14.43) 0.167 2.18 (0.72, 6.58)
HERD TYPE Farrow-to-ﬁnish Ref Ref
Wean-to-ﬁnish 0.016 2.53 (1.19, 5.40) 0.012 3.14 (1.29, 7.63)
Grow-to-ﬁnish 0.001 2.19 (1.38, 3.45) 0.006 2.08 (1.24, 3.49)
PURCHASE No Ref
Yes 0.006 1.87 (1.20, 2.91)
AM  DRUG
(fattening period)
No Ref Ref
Yes  0.000 3.00 (2.00, 4.51) 0.015 1.79 (1.12, 2.85)
ALL  IN/OUT No Ref Ref
Yes  0.000 2.69 (1.74, 4.16) 0.698 1.11 (0.66, 1.88)
CLEAN UP No Ref
Yes 0.000 2.28 (1.45, 3.61)
DISINFECTION No Ref
Yes 0.000 2.45 (1.61, 3.74)
SLATTED No Ref Ref
Yes  0.000 5.65 (2.64, 12.12) 0.048 2.39 (1.01, 5.69)
ORGANIC No Ref Ref
Yes  0.004 0.15 (0.04, 0.55) 0.477 0.56 (0.11, 2.79)
INDOOR No Ref
Yes 0.058 2.60 (0.97, 6.94)
Ref 
0.53 
Ref
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Yes  0.006 
COMPANION No 
Yes 0.568 
Within this study new risk factors for MRSA in fattening
ig herds could be identiﬁed. AM DRUG denotes the group
reatment of pigs with antimicrobial drugs during the fat-
ening period. Its role as a risk factor for MRSA in pigs has
reviously been shown in univariate analyses, but not in
ultivariate analyses (Alt et al., 2011; Broens et al., 2011a).
or another zoonotic agent, Salmonella,  group treatment of
attening pigs with antimicrobial drugs has been reported
s risk factor even in multivariate analyses (Meyer et al.,
005). Furthermore antibiotic group treatment has been
dentiﬁed as a risk factor for MRSA carriage in veal calves
Graveland et al., 2010). Once present in a herd, MRSA have
avorable conditions for multiplication if group treatments
ith antimicrobial drugs are carried out (van Duijkeren
t al., 2008).
The second identiﬁed previously unreported risk fac-
or is SLATTED. It denotes keeping herds on partially or
ully slatted ﬂoor. Slatted ﬂoors are widely used in com-
ercial pig production. A detailed epidemiological study
f factors associated with bacterial enteric diseases in
ngland identiﬁed slatted ﬂoors as a hygienic risk for
nisher-pigs (Pearce, 1999). Pearce’s result conﬁrmed a
uggestion (McOrist, 1997) that the inadequate cleaning
f slatted ﬂoors may  be associated with dissemination of
icrobes. Besides, studies showed that MRSA can survive
n inanimate dry hospital surfaces over six months (Otter
t al., 2013; Wagenvoort et al., 2000). On the other hand,
ntimicrobial drugs like tetracyclines in pig slurry achieve
oncentrations around 200 mg/kg dry matter (Gans et al.,
010). The increased risk of MRSA occurrence on slatted
oors could be a result of inadequate cleaning and disin-
ection with insufﬁcient elimination of MRSA, which allow
he bacteria to survive and accumulate on and under slattedRef
(0.34, 0.83) 0.015 0.54 (0.33, 0.89)
(0.75, 1.67)
ﬂoors. This may  increase the likelihood of MRSA detec-
tion in subsequent fattening batches kept in the same
barn. Pigs are curious animals exploring their environment
intensively using their nose, the typical place for MRSA
colonization.
On the other hand the use of disinfectants can also
coselect for resistance in bacteria, which could provide a
selective advantage for MRSA (Argudin et al., 2013). In our
bivariate analyses regularly disinfected barns were slightly
more strongly associated with MRSA detection (OR = 2.45)
than barns that were only regularly cleaned (OR = 2.28).
The issue of optimal cleaning and disinfection procedures
(Madec et al., 1999; Riedl, 2013) for slatted ﬂoors needs to
be reconsidered also with respect to potential transmission
of other pathogens than MRSA.
A rather surprising result from our study is the effect
of OTHER LIVESTOCK. The multivariate model suggests
that fattening pig herds kept in farms that also house
other livestock have a reduced risk for MRSA-detection.
There is little reason to assume a direct protective effect
of OTHER LIVESTOCK against MRSA in fattening pig herds.
Rather, there might be other factors behind OTHER LIVE-
STOCK, which cause this effect. Running chi-square tests on
our data revealed signiﬁcant associations between OTHER
LIVESTOCK and the factors SLATTED and INDOOR, at a
signiﬁcance level of 0.05 (data not shown). This ﬁnding
suggests that traditional family farms could to be one such
factor, which keep several species of livestock, allow pigs
some outdoor access and keep them less strictly on slatted
ﬂoor.
Factors ALL IN/OUT and ORGANIC were not signiﬁ-
cantly associated with the outcome in the multivariate
analysis. A previous study suggested that organic herds
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were less likely positive for MRSA (Heine, 2011). A
potential explanation of the discrepancy could be that
in our study the proportion of organic herds was low
and other factors may  have masked a potential associa-
tion.
Although LA-MRSA are a major issue in health and con-
sumer protection, we found only few studies on risk factors
for MRSA in fattening pigs. These studies on MRSA in pigs
were heterogeneous with respect to the risk factors inves-
tigated and the types of herds focused on. On account of
this heterogeneity we could not carry out a classical meta-
analysis, in combining the results of individual studies and
exploring using appropriate statistical techniques. Instead,
we carried out a pooling analysis on herd level. In a pooling
analysis, the data from different studies are combined and
analyzed, as if they were a single dataset. However, by using
GEEs for modeling, instead of ordinary logistic regression,
we still considered potential correlations between data
from the same study. GEEs with an exchangeable work-
ing correlation structure were used, because we  assumed
that each pair of data originating from the same study has
the same correlation. Model-based (instead of empirical)
variance estimates were used for computing p-values and
conﬁdence intervals for odds ratios, because the number
of studies, from which our data originates, was  only 10
and empirical estimates in that case tend to underestimate
variance.
In the studies that were considered in our analyses dif-
ferent sampling and testing methods were used to detect
MRSA. Due to differences in sensitivity, these methods may
lead to different MRSA prevalence rates of herds. How-
ever, the estimation of prevalences was not the target
of our analysis. Instead, a herd was considered as MRSA
positive, if at least one sample of a herd was detected
positive with at least one used sampling method, reduc-
ing the risk for false MRSA negative herds. The absolute
values of the prevalences may  differ between studies, how-
ever the difference between positive and negative herds
is less likely inﬂuenced by differences in sampling meth-
ods.
A simple hot deck procedure was used to replace
missing values proportionally with existing ones. This
imputation step enabled the analysis of 12 potential risk
factors across ten different studies on MRSA in pig herds.
For each of the 12 factors, between one and seven percent
of the values were imputed. A common criticism against
imputation is that it may  introduce bias and make data
too uniform. However, the imputation step was carried
out after assuring that we can assume that the herds are
‘comparable’ across studies. In fact, they were all kept
in Western Europe and housed under similar conditions,
except for the organic herds from one study (Heine, 2011).
Since only two values were missing across all 12 factors for
the herds of that study, this fact was considered as of little
consequence for the imputation. By deciding for imputa-
tion of missing values we could include the 67 of herds with
at least one missing value. To avoid major bias we decided
not to include variables that had more than 20% missing
values. An alternative strategy to deal with missing values
would have been to exclude all herds from the analysis for
which at least one value was missing (‘listwise deletion’Medicine 117 (2014) 180–188
or ‘complete-case analysis’). Deletion of these herds might
likewise have introduced some kind of bias. We also car-
ried out the analysis using listwise deletion and found the
odds ratios largely unchanged (data not shown). However,
conﬁdence intervals were wider and therefore signiﬁcance
levels differed.
Our ﬁnal multivariate model contains no interaction
terms. Second-order interaction terms were considered for
inclusion in the model, but only one signiﬁcant interac-
tion was identiﬁed. However, the analysis of their potential
effects proved difﬁcult because some combinations of cat-
egories of risk factors occurred only rarely in our data,
resulting in numerical problems. As also biological corre-
lations did not suggest respective interactions we  decided
not to include them in the model.
A limitation of our approach might be that it might miss
risk factors for MRSA in pig holdings that were surveyed
in no or too few studies. These factors include the MRSA
status of herds from which pigs are purchased, the MRSA
status of herds in the neighborhood, the MRSA status of
the staff in stables and the excessive occurrence of rodents
or ﬂies in stables that are known carriers for MRSA. Such
factors should therefore be included in further studies on
the issue.
5. Conclusion
This study analyses risk factors for MRSA in fattening
pigs across various existing studies. While the process of
data collection from these studies was  time-consuming and
tedious, it enabled the analysis of 12 potential risk factors
for MRSA based on 400 fattening pig herds. We  were able to
conﬁrm known risk factors (herd size, herd type), but also
to identify factors that had not been identiﬁed previously
(group treatment of fattening pigs with antimicrobial drugs
and housing fattening pig herds on at least partially slatted
ﬂoor compared to plain ﬂoor). Furthermore, we  identiﬁed
factors associated with a reduced risk for MRSA in fatten-
ing pig herds (farms keeping other livestock along with
pigs).
The results of this work underline the usefulness of
cooperation and comprehensive analysis of published
data in order to provide a broader basis for discussion and
possible solutions to problems of health and consumer
protection.
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